This study employs a quantile auto-regression approach in order to examine the market efficiency of the Croatian stock market using daily CROBEX returns in the period of [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016][2017][2018][2019]. Auto-regression model AR (1) confirmed the significant influence of the previous day return, nevertheless model suffered from heteroscedasticity. In order to avoid the OLS restrictions, this paper applies the quantile unit root approach. According to the results of the quantile unit root weak form of the efficient market, the hypothesis was rejected. Endogenous shocks were found to be persistent and asymmetric. Model results stayed robust regardless of the structural break. This predictable behavior of CROBEX may enable investors to obtain abnormal profits.
INTRODUCTION
Recognizing market patterns remains one of the most daunting achievements in financial theory and practice. Considering profits and risk ratio investors seek to optimize their portfolios. With the development of information technology, investors are given opportunities for better decision-making tools and faster trading.
Theory of the efficient market hypothesis (EMH) was formulated in the 1960s by Paul Samuelson and Eugene Fama. There are two important implication of the efficient market hypothesis (EMH). All price movement is random and all fundamental information is already included in the price of the financial asset. Developers of the EMH, Fama and Samuelson argued that the random market price behavior was the result of rational decision making. Depending on its strength it is possible to differentiate among variations of the efficient market hypothesis (EMH). The strongest form of the EMH states that stock market prices incorporate all relevant information (public and private). The semi-strong form of the EMH states that the stock market prices incorporate all publicly available date and finally the weak form of the EMH stated it is impossible to predict the future stock price movements according to their historical values 1 .
In countries with communist background stock exchanges are still found to be very speculative. A modest debt of the stock market and few big investors may result in the lack of market efficiency which is consequently reflected in price patterns. If the market information efficiency is low investors may obtain abnormal and systemic returns. Using quantile regression approach this paper examines the efficiency of the Croatian stock market returns.
The remainder of the paper is organized as follows. The second section of the paper contains a literature overview dealing with the efficient market hypothesis. The third section of the paper describes data and methodology. The fourth section of the paper is presenting empirical results and discussion and finally, the conclusion summarizes papers' results and consequent implications for decision makers.
LITERATURE REVIEW
There have been many attempts to examine the efficiency of the European emerging capital markets with the earliest starting in 1988. One of the recent papers examined 15 European emerging capital markets and for comparative reasons also included few developed markets (Greece, Portugal and the United Kingdom). The author applied rolling window variance ratio test with bootstrapping p-values for daily returns for the period 2000-2009. Stock markets in Estonia, Ukraine, and Malta were the least efficient while the stock markets in Poland, Hungary, the United Kingdom, and Turkey were the most efficient. Hungarian stock market was at least weak form efficient in the period from 1991 to 2005, Polish stock market was at least weak form efficient in the period from 1993 to 2007 and Turkish stock market efficiency was highly dependent on liquidity. Even though markets in Poland, Czech Republic, Estonia, Lith- 1 Tsenkov, V., & Stoitsova-Stoykova, A. (2017). The Impact of the Global Financial Crisis on the market efficiency of capital markets of southeast Europe. International Journal of Contemporary Economics and Administrative Sciences, 7(1-2), 31-57. uania, Greece, and Portugal were increasing their efficiency over time financial crisis in 2008 has triggered deviations from the weak form efficiency for Croatia, Hungary, Poland, Portugal, Slovakia, and UK markets. Nevertheless, Greece, Romania, Latvia, Russia, and Turkey were not affected by the global financial crisis in 2008. The author emphasized that rejecting the weak form efficiency hypothesis may lead traders to question the value of technical analysis and automatic trading strategies. 2 Similarly, emphasizing the effect of the latest global financial crisis efficiency of the eleven stock markets in South East European countries (Croatia, Slovenia, Hungary, Czech Republic, Slovakia, Poland, Estonia, Latvia, Lithuania, Bulgaria, Romania, Bosnia and Herzegovina, Serbia, Montenegro, Northern Macedonia, Georgia, Kazakhstan, Moldova, Ukraine and Russia) was tested for the period 2005-2015. Time series were divided in pre-crisis, during the crisis and the after the crisis period. In order to test the efficiency of these markets, authors applied the autocorrelation analysis, the Run test and the GARCH family models. Results about the SEE capital markets' efficiency were heterogeneous. In the case of Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Northern Macedonia, Serbia and Romania weak form efficient hypothesis was rejected for the entire period. Slovenia's' stock market was found efficient regardless of the period. Out of eleven SEE capital markets four of them (Bosnia and Herzegovina, Greece, Slovenia, and Turkey) were found to be at least weak form efficient in at least one of the observed period. Furthermore, in the period of crisis, several markets decreased their efficiency even more: Bosnia and Herzegovina, Slovenia, Turkey, and Greece. Croatia and Greece markets were found to be very low efficient without improvement in the after crisis period 3 .
Another paper examined the efficiency of 20 post-communist stock markets in the period 2008-2010. In order to increase the robustness of the results, authors used various approaches: January effect, Unit root test, Variance ratio test, Runs test and Filter rules test. In the case of Bulgaria, Czech Republic, Croatia, Georgia, Hungary, Estonia, Kazakhstan, Latvia, Lithuania, Poland, Romania, Slovenia, and Slovakia stock markets were found to be at least weak form efficient while in the case of Bosnia and Herzegovina, Serbia, Montenegro, Northern Macedonia, Moldova, Ukraine and Russia efficient market hypotheses was rejected. Due to heterogeneous results, the twofold recommendation was given for decisions makers. If the efficient market hypothesis holds investors should use more passive trading strategies and if the efficient market hypothesis doesn't hold investors should use more active trading strategies 4 . On the contrary, to this result for the Czech Republic, another author in his paper applying the state space approach managed to formulate a strategy beating the Czech Republic stock market and therefore violate the assumption of the efficient market hypothesis 5 .
One paper studied exclusively Serbian stock market efficiency. In order to confirm the lack of market efficiency authors used Dickey Fuller, Phillips Peron (PP) and Run Test. They believe the lack of market efficiency resulted from the non-symmetric information, high transaction costs, few highly liquid stocks and the lack of strong institutional investors 6 .
Seasonal anomalies were studied in eleven Central and Eastern European markets (Romania, Hungary, Russia, Latvia, Estonia, Lithuania, Czech Republic, Slovakia, Poland, Slovenia, and Bulgaria) in the period 2000-2015. Using GARCH authors confirmed many seasonal anomalies ("day of the week and weekend", "week of the month", "first week of the month", "month of the year and January effect") of the returns and volatility of the examined markets and therefore rejected the efficient market hypothesis. Nevertheless due to transaction costs only profitable anomaly was the January effect 7 . Another two papers examined specifically Romanian market. The first paper studied the "day of the week" effect and revealed no breach of the efficient market hypothesis 8 . The second paper analyzed intraday price movements confirming deviations from the efficient market hypothesis. However profitable trading was not possible using popular technical indicators 9 weak" anomaly. The effect was not confirmed in any of the selected markets except Croatia. CROBEX stock index was found to be predictable with the potential of retrieving abnormal returns.
Furthermore, the Croatian capital market had 10 investment funds declaring to use active trading strategies aiming to outperform the market returns. Authors of the paper tested the relationship between investment funds and daily value of CROBEX. Johansen bivariate co-integration test was used to determine the long term relationship between investment funds and daily CROBEX data in the period from 1999 to 2007. Since results confirmed co-integration relationships in four investment funds authors further examine the autocorrelation property of CROBEX. CROBEX was found to be dependent on the previous values. This dependence was considered to be the result of low market liquidity. 10 Most of the papers examining the efficiency of the stock markets focus on studying the average value and variance pattern while the quantile regression approach examines the characteristics of endogenous shocks (effects considering the sign and magnitude).
Quantile approach was used to examine eight transition economies using weekly log stock market prices for the period 2000-2015. According to the results, stock market prices in Croatia, Czech Republic, Hungary, Lithuania, and Poland were found to be non-stationary therefore enabling investors to attain abnormal returns. This result was consistent with conventional unit root tests result for log weekly levels. Nevertheless, contrary to the conventional unit root test results quantile approach for Bulgaria, Romania and Russia found their prices to be stationary. Structural breaks often increase unit root test bias toward the null hypothesis 11 . Quantile approach is not restricted to a specific regime and may potentially enhance the accuracy of stationarity testing 12 . Quantile unit root testing was developed by Koenker and Xiao. 13 Using daily log returns in the period 2000-2019 this paper employs rather an innovative method in testing the efficient market hypothesis for the Croatian stock market. 
where:
-daily log return of CROBEX -CROBEX value for t −1 -CROBEX value for t-1. Auto-regression model was defined according to the equation (2) = + − +
If = 0 then the null hypothesis is not rejected and the market could be considered at least weak form efficient. If the > 0 the null hypothesis is rejected and the market could be considered non-efficient. Nevertheless if time series exhibits clusters of volatility coefficient estimates may be biased. Therefore the quantile auto-regression approach is more suitable. Quantile auto-regression process is defined by the following equation (3) (
where ( | −1 ) stands for -quantile of the log returns, ( ) stands forquantile of the residual ( ) therefore the endogenous shock, while 1 ( ) stands for quantile dependent coefficient of the lagged log return.
Residual ( ) in its sign and magnitude reflect the endogenous shock, where positive shocks reflect increasing log returns in the Croatian stock market and negative shocks reflect decreasing log returns in the Croatian stock market. 
EMPIRICAL RESULTS AND DISCUSSION
In order to examine the characteristics of the log returns of CROBEX in the period of January 2000 to March 2019 descriptive results are given in Table 1 . Results in Table 1 and Appendix 1 indicate clusters of volatility and deviations from the normal distribution.
Even though conventional unit root tests do not perform well under these circumstances ADF, PP and KPSS test results are given for comparison in Table 2 . Results of the unit root tests for the log returns of the CROBEX in the period of January 2000 to March 2019 indicate stationarity of the data. Furthermore to examine the autocorrelation property of the CROBEX log returns from January 2000 to March 2019 model estimation is given in Table 3 . Result of the auto-regression model AR (1) confirms the significant influence of the previous day returns but nevertheless model suffered from autocorrelation, heteroscedasticity while residuals were not normally distributed. In order to avoid the breach of OLS assumptions, these papers apply the quantile regression approach.
Results of the quantile unit root are given in Table 4 . 
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Source: Authors' calculation According to the results of the quantile unit root in Table 4 and Appendix 2 log returns of the CROBEX index from January 2000 to March 2019 exhibit asymmetry. Extreme negative shocks last longer than extreme positive shocks. On the 5% level significance autoregressive coefficients differ from zero indicating some level of persistence in each quantile. If the market is efficient each event causing deviations in the log returns of the stock market should be transitory and autocorrelation coefficient should not be significant. Therefore the log returns of the Croatian stock market from January 2000 to March 2019 violate the weak form of the efficient market hypothesis.
Furthermore, since structural breaks may significantly influence the results it is beneficial to carry out some type of robustness check. According to mean and variance change point detection function 17 recognized one structural break on 9th December 2012 (see appendix 1). This structural break was mostly attributed to a change in volatility. Prior to and during to global financial crisis in 2008 CROBEX log returns exhibit much higher volatility. In the after crisis period CROBEX log returns exhibit much less volatility, therefore, reducing the risk for investors.
In order to examine the characteristics of the log returns of the CROBEX in the period of January 2000 to December 2011 descriptive results are given in Table 5 . Results in Table 5 indicate that CROBEX log return series deviates from the normal distribution in the first subsample in the period from January 2000 to December 2011.
Even though conventional unit root tests do not perform well under these circumstances ADF, PP i KPSS test results are given for comparison in Table 6 . Results of the unit root tests for the log returns of the CROBEX in the period of January 2000 to December 2011 indicate stationarity of the data. Furthermore to examine the autocorrelation property of the CROBEX log returns in the period from January 2000 to December 2011 model estimation is given in Table 7 . Results of the AR (1) model of the first subsample confirmed the full sample diagnostics and therefore quantile auto-regression approach was applied (see Table 7 ). 
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Source: Authors' calculation According to the results of the quantile unit root in Table 8 and Appendix 3 log returns of the CROBEX index from January 2000 to December 2011 exhibit asymmetry. Extreme negative shocks last longer than extreme positive shocks. Higher shocks last longer than smaller shocks and therefore creating a typical U-shape of the autocorrelation coefficients. On the 5% level significance, autoregressive coefficients indicate some level of persistence in each quantile. Therefore the log returns of the Croatian stock market from January 2000 to December 2011 violate the weak form of the efficient market hypothesis.
In order to examine the characteristics of the log returns of the CROBEX in the period of December 2011 to March 2019 descriptive results are given in Table 9 . Results in Table 9 indicate that CROBEX log return series deviates from the normal distribution in the second subsample in the period from January 2000 to December 2011.
Even though conventional unit root tests do not perform well under these circumstances ADF, PP i KPSS test results are given for comparison in Table 10 . Results of the unit root tests for the log returns of the CROBEX in the period from December 2011 to March 2019 indicate stationarity of the data. Furthermore to examine the autocorrelation property of the CROBEX log returns in the period from December 2011 to March 2019 model estimation is given in Table 11 . Results of the AR (1) model in for the second subsample confirmed the results of the full sample and the first subsample and therefore quantile auto-regression approach was applied (see Table 11 ). 
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Source: Authors' calculation According to the results of the quantile unit root in Table 12 and Appendix 4 log returns of the CROBEX index from December 2011 to March 2019 exhibit asymmetry. Extreme negative shocks last longer than extreme positive shocks. Higher shocks last longer than smaller shocks and therefore creating a typical U-shape of the autocorrelation coefficients. On the 5% level significance autoregressive coefficients indicate some level of persistence in each quantile. Therefore the log returns of the Croatian stock market from December 2011 to March 2019 violate the weak form of the efficient market hypothesis.
Considering the structural break which took place in December 2011 time series of CROBEX log return was divided into two periods. Model results for both periods are similar to the full sample model diagnostics. Time series exhibited asymmetries irrelevant of the period selected. Positive shocks lasted longer than negative. In both periods smaller shocks had less persistence then shocks of higher magnitude giving the autocorrelation coefficients a typical U shape. Furthermore, the persistence of the shocks was statistically significant in each quantile consequently rejecting the weak form of the efficient market. These results are complementary to the paper examining the weekly log stock prices of CROBEX in levels and differences. 18 .
Even though results are dependent on data sampling and methodology most of the studies in developing countries suggest some level of predictive behavior. Rejecting the weak-form efficiency hypothesis may inform the traders to question the value of technical analysis and automatic trading strategies. Abnormal profits resulting from a certain level of predictability should always be considered with regards to the associated cost of trading strategy. It should also be stated that the level of market efficiency may change over time. Maturing of the stock market may have a positive effect on market efficiency while crisis usually has a negative effect. Furthermore, it is important to emphasize that certain deviations from the weak form efficient hypothesis may also affect the reliability of asset pricing modeling making the market portfolio less efficient. These are important findings for any stock market investor seeking to capitalize on developing stock markets of post-transition economies of Europe.
CONCLUSION
This paper adds to the body of literature examining the stock market efficiency of the post-transition economies. Stock markets of the post-transition economies are known for their speculative nature, therefore, questioning the lack of their efficiency. This paper applies a rather innovative quantile auto-regressive approach in testing the market efficiency of the Croatian stock market. Results about the market efficiency are often dependent on data sampling and methodology applied. Previous research using the quantile unit root confirmed the CROBEX value to be non-stationary but this paper further highlights that the log returns of the CROBEX are stationary. Nevertheless on the basis of the log returns for the stock market in Croatia weak form of the efficient hypothesis market is rejected and therefore revealing the possibility of abnormal returns. Even after accounting for the structural break results stayed robust. Autocorrelation property of the CROBEX log returns was significant in both periods. Furthermore, results also confirmed asymmetries in endogenous shocks. Negative shocks in the log returns of CROBEX lasted longer than positive shocks. In both periods smaller shocks had less persistence then shocks of higher magnitude giving the autocorrelation coefficients a typical U shape. These findings represent an important contribution to the existing knowledge about the efficient market hypothesis and the properties of the post-transition stock markets. efficient market hypothesis in transition countries using quantile unit root test. Economics Bulletin, 36(4), 2171-2182.
